We assessed the predictive value of the macroscopic and detailed microscopic appearance of the coracoacromial ligament, subacromial bursa and rotator-cuff tendon in 20 patients undergoing subacromial decompression for impingement in the absence of full-thickness tears of the rotator cuff. Histologically, all specimens had features of degenerative change and oedema in the extracellular matrix. Inflammatory cells were seen, but there was no evidence of chronic inflammation. However, the outcome was not related to cell counts.
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At three months the mean Oxford shoulder score had improved from 29.2 (20 to 40) to 39.4 (28 to 48) (p < 0.0001) and at six months to 45.5 (36 to 48) (p < 0.0001). At six months, although all patients had improved, the seven patients with a hooked acromion had done so to a less extent than those with a flat or curved acromion judged by their mean Oxford shoulder scores of 43.5 and 46.5 respectively (p = 0.046). All five patients with partialthickness tears were within this group and demonstrated less improvement than the patients with no tear (mean Oxford shoulder scores 43.2 and 46.4, respectively, p = 0.04). These findings imply that in the presence of a partial-thickness tear subacromial decompression may require additional specific treatment to the rotator cuff if the outcome is to be improved further.
Contact between the coracoacromial arch and the tendon of the rotator cuff during shoulder movement is often associated with pain. The condition is termed impingement 1 and Neer 2 proposed that the coracoacromial ligament and the anterior third of the acromion were responsible for the attrition and tearing of the tendons of the rotator cuff. He noted that part of the supraspinatus tendon had a close relationship to the coracoacromial ligament and the anterior third of the acromion in forward elevation of the shoulder and recommended anterior acromioplasty to enlarge the subacromial space as a treatment for impingement. Abrasion often leads to lesions on the upper surface of the rotator cuff and the undersurface of the acromion at the attachment of the coracoacromial ligament which are visible at the time of surgery. Three progressive stages of lesion were proposed by Neer 3 as follows: stage 1, oedema and haemorrhage; stage 2, fibrosis and tendonitis; and stage 3, tears of the rotator cuff and biceps with formation of a bony spur on the acromion. Other authors have introduced classification systems which include details of both the bursal and the coracoacromial lesions. 4 The reported successful outcome of subacromial decompression for impingement without a full-thickness tear varies from 75% to 89%. [5] [6] [7] [8] [9] No previous study has investigated the relationship between the degree of inflammation and tissue degeneration and the outcome. Our aim therefore was to determine if a successful outcome could be predicted from the macro-and microscopic appearance of the bursa, coracoacromial arch and the tendons of the rotator cuff.
Patients and Methods
Between January and March 2006 we treated 20 patients by a subacromial decompression for impingement syndrome. Inclusion criteria for the study were a minimum duration of symptoms of six months, failure of conservative care including a minimum of one injection of glucocorticoid, no injection of glucocorticoid within six weeks of surgery, a failed home exercise programme and the presence of pain at rest and moderate to severe pain at night with an Oxford shoulder score (OSS) 10 of less than 40 of 48 points.
Exclusion criteria were: glenohumeral osteoarthritis, calcific tendonitis and a full-thickness tear of the rotator cuff.
There were 16 men and four women with a mean age of 49.4 years (39 to 68) whose mean duration of symptoms was 24 months (6 to 60). The dominant arm was involved in 13. The mean number of subacromial bursal glucocorticoid injections was 2.2 (1 to 5). All operations were performed on a day-care basis under general anaesthesia and with the patient in the beach-chair position. Two portals were used, one posteriorly and one laterally. The glenohumeral joint was inspected first followed by the subacromial bursa. The integrity of the rotator cuff was noted. Pre-operatively, the shape of the acromion was determined by radiography and confirmed by arthroscopic assessment and palpation in order to classify it as flat, curved or hooked. The macroscopic appearance of the bursa under the anterior acromion was noted and graded as either normal, or having mild (injected and oedematous), moderate (fibrillated with minor scuffing) or severe (major scuffing and fibrillation) changes. The macroscopic appearance of the ligament attachment to the anterior acromion was also graded as normal, or having mild (minor scuffing), moderate (marked scuffing) or severe (bare bone areas) changes. A biopsy was taken of the tissue intended for resection from the subacromial bursa on the surface of the cuff directly beneath the anterior edge of the acromion with the arm by the side. A full-thickness biopsy was also taken from the coracoacromial ligament at its insertion into the acromion. A bursectomy and anterior acromioplasty were performed.
Post-operatively, the patients were placed in a sling, but were encouraged to move their arm as tolerable and to discard the sling as soon as possible. They were instructed in a shoulder mobilisation exercise programme under the supervision of a physiotherapist.
Bursal and ligamentous tissue obtained at arthroscopy was fixed in 10% formalin and then embedded in paraffin blocks. Using a Leica-LM microtome (Leica Microsystems, Wetzlar, Germany) 5 μm sections were prepared and placed on to Snowcoat X-tra glass slides (Surgipath, Peterborough, United Kingdom). The paraffin was removed from the sections with xylene and they were rehydrated through graded alcohol before staining with haematoxylin and eosin, Toluidine Blue and Congo Red for basic histology. The degree of degeneration, chondroid metaplasia, amyloid deposition and oedema was recorded as was the presence of mast cells and fibroblast proliferation.
Immunocytochemical analysis was performed using a Chemate Envision Kit (Dako UK Ltd, Ely, United Kingdom), which uses an indirect immunoperoxidase staining method for bind marker antibodies. Using an autostainer (Dako UK Ltd), sections were stained with primary monoclonal antibodies against CD34 (QBEnd 10 vascular endothelial marker), D2-40 (lymphatic endothelial marker), CD45 (leucocyte common antigen), CD68 (macrophage associated marker), mast-cell tryptase, CD3 (T lymphocytes), CD20 (B lymphocytes), and PCNA (proliferation cell nuclear antigen). All the sections were then counterstained using haematoxylin and sodium hydrogen carbonate after which they were dehydrated through graded alcohol and xylene. Positive and negative controls were included in addition to the surgical specimens for each individual antibody staining technique. Cells were counted using ten high-powered fields and the count expressed as a mean or as a total count if few cells were seen. Permission for the histological study was obtained from the Local Ethical Committee. The outcome was assessed using the OSS as the primary outcome measure (scored from 0 worst to 48 best). 10, 11 Patients were evaluated pre-operatively and then at three and six months after the procedure. Statistical analysis. This was carried out on all result variables using Graph Pad Prism software (Graph Pad Software, LaJolla, California). Statistical significance was set at a level of p ≤ 0.05. The macroscopic changes in the appearance of the coracoacromial ligament and bursa were grouped as either mild or moderate or severe and the acromial shapes were either flat or curved or hooked. The association between the macroscopic grouping and the OSS was tested using an unpaired t-test. In order to test the association between the OSS and the microscopic appearance, the latter was classified as either high or low based on the mean cell count or on the presence or absence of staining. Testing was by an unpaired t-test. The association between macroscopic and microscopic appearance was also examined using an unpaired t-test, except for the analysis of the presence of amyloid or chondroid metaplasia when the chisquared test was used.
Results
Macroscopic appearance. There were 13 flat or curved and seven hooked acromia. The bursae, of seven shoulders had mild degenerative changes, all with flat or curved acromia, and 13 had moderate or severe changes associated with flat or curved acromia in six shoulders and hooked acromia in the remaining seven. The coracoacromial ligament was graded as having mild changes in four shoulders, all with flat or curved acromia, and with moderate or severe changes in 16 shoulders, of which nine had flat or curved acromia and seven hooked acromia. Partial tears of supraspinatus were noted on the joint side in five shoulders. All of these had hooked acromia and a moderate or severe ligamentous and bursal appearance. Histological examination. All the specimens showed morphological evidence of degeneration and oedema within the extracellular matrix. Two bursal specimens had deposition of amyloid but none was seen in the specimens of the coracoacromial ligament. Chondroid metaplasia was found in six bursal and nine ligamentous specimens. Inflammatory cells were detected in all ligament and bursal specimens with macrophages being the most abundant cell type. Mast cells and leucocytes were less abundant and were present in similar numbers. There was no evidence of chronic inflammation with few B or T lymphocytes present in any of the specimens.
Oxford shoulder score. The mean pre-operative score was 29.2 (20 to 40). At three months after operation 19 patients completed the OSS. One was untraceable. In 14 of the 19 patients the mean score improved to 39.4 (28 to 48) (t-test, p < 0.001). A single but different patient to the one lost at three months was untraceable at six months, thus 19 patients completed the OSS. All showed an improvement with a mean score of 45.5 (36 to 48) (t-test, p < 0.001).
Macro-and microscopic appearance in relation to outcome.
The relationship of the OSS at three and six months postoperatively to the differing macroscopic appearances is shown in Table I . At three months there was no statistically significant difference between the mean scores for each of the macroscopic features examined. At six months the bursal and ligamentous groups classified as having mild changes had a greater improvement in the mean OSS than the moderate or severely affected groups. The patients with flat or curved acromia did significantly better than those with a hooked acromion (t-test, p = 0.046). The appearance of the cuff had little influence on outcome at three months, but there was a significant difference at six months with patients with partial tears having a lower mean score of 43.2 (36 to 48 (t-test, p = 0.04)).
A comparison of the mean OSS in relation to the histological findings identified no significant difference in outcome at three or six months between the high and low cell counts (Table II) . Overall, the microscopic appearances of the bursa and ligament were not significantly associated with the different macroscopic appearances of the bursa, ligament, tendon or acromion.
Discussion
Our study has shown that in appropriately selected cases an excellent outcome is possible after arthroscopic subacromial decompression for impingement syndrome, irrespective of the macro-and microscopic appearance of the impingement lesion. The precise mechanism by which this improvement occurs is uncertain. It is assumed that removal of bony spurs from the anterior acromion and the release of the coracoacromial ligament increases the volume of the subacromial space. This should reduce the risk of painful physical contact between the supraspinatus tendon with its overlying bursa and the anterior acromion on shoulder movement. If this explanation were true, patients with a hooked acromion would be expected to show the greatest improvement after surgery since they initially have the narrowest subacromial space and greatest risk of mechanical impingement. Contrary to expectation we found at six months post-operatively that patients with a hooked acromion, although improved overall, did significantly less well than those with a flat or curved acromion. Alternative explanations [12] [13] [14] for the relief from symptoms after surgery include denervation of the contact area on the undersurface of the acromion and excision of inflammatory tissue, but this would not explain the observation in the hooked acromion group. In our study all the partialthickness tears were associated with a hooked acromion and none with a curved or flat acromion. Some of the pain may be due to lesions within the supraspinatus tendon itself. All of the tears were on the joint and not the bursal surface of the tendon implying that physical attrition was not the cause of the damage to the tendon. It is known that genetic factors play a role in rotator-cuff tears and that this results in a predisposition to early tenocyte failure and apoptosis as opposed to a mechanical cause. 15 Pathological features have been shown to progress as the size of the rotator-cuff tear increases. [16] [17] [18] There has been much debate regarding the origins of variations in acromial shape. Bigliani et al 19 studied the shape of the acromion in 140 cadaver shoulders and found the distribution ns, no statistically significant difference of shape to be 17% flat, 43% curved and 39% hooked. Hooked acromia were found to be associated with a rotatorcuff tear in 70% of cases whereas flat acromia were associated with a tear in only 3%. Cadaver and radiological studies have shown that up to the age of 55 years, the acromion is usually flat or gently curved. 20, 21 A hooked acromion is acquired in association with progressive rotator-cuff pathology and can be demonstrated both radiologically and histologically. [21] [22] [23] There is some evidence that the mechanism of the change in shape of the acromion is traction from the coracoacromial ligament and the formation of a traction spur. 24 There is a close correlation between the extent of the change in acromial shape and the amount of rotator-cuff degeneration and tear. 25, 26 This may explain why patients with a hooked acromion had a poorer outcome since some of their pain may have originated from within the tendon. Subacromial decompression had no effect on lesions within the tendon.
It has been reported that non-operative treatment is less likely to be successful if there are significant changes in acromial shape. 27, 28 In our study, at six months the presence of a partial-thickness tear pre-operatively resulted in a significantly less good outcome after decompression than no tear. Because subacromial decompression has no effect on tendon lesions this is not surprising. There is still little consensus on how to manage partial tendon tears and relatively little research has been carried out into either the natural history or outcome of treatment. Operative intervention involves one of four options: arthroscopic debridement of the tear alone, debridement with acromioplasty, and rotator-cuff repair with or without acromioplasty. 29 All four options have shown good results at follow-up. 12, [30] [31] [32] All the patients in our series with flat acromia had a good outcome after subacromial decompression. The bursectomy alone may account for their improvement. The subacromial bursa has been identified as a source of the shoulder pain related to impingement. Using immunocytochemical staining and electron microscopy Soifer et al 33 showed that there was a greater supply of free nerve fibres in the bursa than in the surrounding tissues. Gotoh et al 13 demonstrated a significantly greater amount of substance P in the subacromial bursa of patients with subacromial bursitis than in those with full-thickness tears and in a control group. The increased amount of substance P in the bursa appeared to correlate with the pain caused by the pathology in the rotator cuff. They concluded that treating the bursa is the key to successful relief from pain in bursitis and impingement. Budoff et al 12 treated 79 patients with rotator-cuff tendinosis without a full-thickness tear by arthroscopic debridement of the rotator cuff. At a mean follow-up of 53 months 87% of patients had good to excellent results. In conclusion good results can be obtained from subacromial decompression for impingement and partialthickness tears irrespective of the macro-or microscopic features. However, the outcome is significantly less good at six months in the presence of a hooked acromion and a partial-thickness tear, probably because of pain arising from lesions within the tendon on which subacromial decompression has no affect. Our findings suggest that additional treatment to the tendon itself may be needed to improve the outcome further in this group of patients.
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